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Design features and operation of a signal comparator are described.
The efficiency of continuous-flow analyzers is improved by allowing the bubbled stream to remain intact as it passes through the colorimeter flow cell. The signal comparator eliminates the bubble artifact from the photodetector signal while allowing the signal produced from the fluid segment to remain intact. The instrument is reliable, easy to use, and does not require any adjustments by a technician.
It has been demonstrated that the "debubbler" used on continuous-flow analyzers greatly decreases system efficiency (1, 2) . Habig et al. (1) eliminated the need for a debubbler by utilizing a "bubble-gating flow cell." Their device monitored flowcell conductance and deactivated the system output when bubbles passed through the photometer flow cell. They concluded that this significantly increased system efficiency, but that their particular design, although usefulfor testingthe method, would not withstanddailytechnician use and abuse.
To overcome the deficiencies of the conductance gate, we developed a precise and reliable method for eliminating the bubble artifact. The method is inexpensive, easy to use, and does not require any adjustments by a technician. This device is called a "signal comparator." Basic design. Figure 1 Our method is based on a cycle of repetitive signal comparisons.
The photodetector output is momentarily sampled and stored.
For a finite period of time, the stored value is compared with the photodetector output.
If the signal that follows varies (outside a small preset range) from the stored value, the comparator logic concludes that a bubble is passing, and the output to the recorder is not changed.
On the other hand, if the signal that follows remains constant as compared with the stored value, the comparator logic concludes that a fluid segment is in the flow cell, and the signal at that time is transferred to the recorder. Figure 2 is a simultaneous recording of the photodetector signal before and after processing by the signal comparator.
The bubble artifact is completely removed by the signal comparator while allowing the absorbance of the individual fluid segments to pass. Operation. Figure  3 is a block diagram of the signal comparator; Figure 4 illustrates the timing sequence. The input signal from the photodetector is sampled and held on clock pulse 1. On pulse 2, a flip-flop in the logic block is preset or "enabled."
On pulse 9, the signal voltage is (3). The circuit diagram is given in Figure 5 .
The signal comparator may be used with most continuous-flow analyzers.4
The comparator operates as a unity
On AutoAnalyzer systems, a current amplifier is used to provide the Q-10 V dc and a regulated dc light source is used. On a Gilford 300 N Spectrophotometer, a voltage amplifier is used to provide the 0-10 V dc. gain device (output voltage equals input voltage) and handles 0-10 V dc signals.
If it is used with instruments providing substantially less output voltage, some form of preamplification must be provided; the output signal from the comparator may easily be reduced by means of a simple resistive voltage divider ( Figure 5, R17 and P4) to fit the recorder's requirements (4) . The bubble pattern is not critical, but as with all continuous-flow systems, the pattern should be uniform for optimum efficiency.
The bubble spacing should be such that at least two gating cycles occur for each fluid segment.
Performance.
The signal comparator has been in operation in our laboratory for seven months. Figure 6 demonstrates the system efficiency obtained when the signal comparator is used with a miniaturized glucose oxidase method.5 The firstseven peaks are glucose standards ranging from 50 to 350 mg/dl in 50 mg/dl increments. Thefollowing peaks (1-4 and 5-8) are separate serum samples, followed by quality-control samples
(Q).
A low-pass filter has been placed on the output to smooth the peaks (Figure 5, R18 and C8) . The sampling rate is 150 samples per hour with a 3:1 sample-to-wash ratio. The sample volume is 18 d, and the reagent consumption is 128 tl/sample. Analyses are performed at 99-100% of steady state (5). Clin. Chem. 18, 509(1972) . "GOD Perid Reagents," Cat. No. 15756; Boehringer Mannheim Corp., New York, N.Y. 10017.
e System II employs the manifold given in reference 6 with the following modifications: coil B is eliminated, the analysis rate is 60 samples/hour with a 2:1 sample to wash ratio, the wavelength is 630 nm, and the enzyme .used is the same glucose oxidase reagent employed with System I.
